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PROTEIN TAU ~ 



direct inVenti ° n rel " eS tC » ono =l°-l antibodies 
tZtl ■ 3 Particul " *P"ope present on the 

human microtubule-associated protein tan * !T 
hvbridoma secretin, these .-cciLT^^'., to £ 

Tau is a microtubule-associated protein which i 
synthesized in ^ neurons * ^ f 98 

of several species, including nutans and which is 
abundantly present in the axonal co^partaent of 1 
neurons (Binder, l.i. e t al io«» fc 
tau T>rc+-i ■ a1 *' 1985). Functionally the 

tau protein is involved s« , 

-bulin (Weinoarten, ^ 

in reducing microtubule ^^'^ 

Karsenti, E. 1990). ' " H " and 

paired" £T? " alS ° Mj0r =°n«««ent of 

paired helical filaments (phf) ch»«„<- • 
structures found as neurof ibm^' 'tangfe S Z ^ 
sections of the brain of A l Ihe imer patient 'c^o ^ 
S. and Davies, p., 1990; ^ y erg ' 

which 4 to 6 isoforms are found in normal adult brain 
"TV iSOf ° ra i£ brain (ooedeT 

"enera^-^r- ^ °< ^ 

™=«: C^te It— eatC 

carbon-terminal part of the molecule tha^is 

3 or 4 times, Actional diversity is generated ^h 
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in brain areas sh-' " «<*-ively 

•it- o f phosphorylation by V^rlT ' "» 

been napped in tho n - . aiffere nt kinases have 

calcium =al M d U l in -ae P endent aCt " n ° f " 

expressed tau resulted m l 0n bact «ially 

wnich inaU ced ' ^m« io „ ot S er ( , 05 , 
CSteiner, B. et ^"^^ -Mil* 

Several antibodies 

activity to hunan die t s au "i^:;T ed ttat Bhov 

with normal and a h nn ^ « uen «y shown to cross-react 

». - al. 8 r ? 110 ^ 1 ^ taU <™™> 

, ' 19877 Ks^ezak-Reding et al. i 9S7 , 

Phosphate-independent epitope 'present JT"" 9 * 
of bovine origin and „, " varian ^ 

Phosphorylated tau fro » h n0rM1 • ta °—«y 

— ,0' ^^;J 0 ;z^^j e ; r 

recognized by this monoclonal is specially J? 

xn the somatodendritic domain o f L£££L^T'" 

neurons 9o during A i, h eimer disease 7.^1:"^ 

^-^T^TT**: recently been Bapp - - «- 
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cross-reactivity with normal tau, this anting ■ 
«*• to discriminate normal t " I " ^ 
phosphorylated tau by the us! of w , ^"^^ 
detection of brain herniates or b 
concentrated CSF or , 7 ™~» iu » 

immunoassay on I' ■ Usin * a sandwich 

1990 t homogenates (Ghanbari et al. 

between aJh considerable overlap 

oetween Alzheimer CSF and rev 

eDitono and CSF fr °= controls. The 

=r= ssr^-s — - — - •• 

antibody 5E2 „»/ j "stance, monoclonal 

fetal hLt .T ^ *— »*»tlon with human 

fetal heat-stable microtubule-associated proteins and 

IT 12 !: an epitope Epannln9 — 

Ph o SP w^d p r n ( Li:: ,rr.i -r 9 . 8) — 

heat-stable microtubule-associated protein 



or rat 



et- ax., 1988), and most of th*» an *- • 

_ 01 tne antibodies recoonize th a 

eTar^ Ph °— - 

An antibody named M 423 M «iea,( 
of PHF * 423 raised against the core 

of PHF, reacted specifically with a 9.5 and 12-kDa 

rt. - = 
r™. sr. - - - -=^=KLr= 

m Alzheimer's brain (Wischik, c.H. et al. 1988) 

This antibody has been used i-r> V 
-heimer PHF P athol ogy from JT J^TTS 
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Thus far, none of all *-h« 
heretofore has had . 1 antibodies described 

— t t- in braln ^» JT- — - 

containing PHF or in „ rain tracts 

^rrr ~ sa r s aft ~ 

Harrington c.R. e t ai a1 *' 199 °'* 

to detect only anno^T " Specili «"y 

Present i„ brain ^ 8 ^^" y tau 

in ^ — — - zzzz extracts> " 
^^l^sst ^ 

p-er H ~ o eUr;r: ides ^ epit - * - 

»n body fl u i ds , e „_ h „ = ln brain "omogenates or 

is reco gniZ ed ^^^T"^ 

The inventLn stir iu ™ a er antib0dleS - 
«* ^ protein expressed ^ 
""acted „ ith neur^^i^" ^ *""» ° f !»««*. 
Alzhei»er.s disease and n dls °rders such as 

syndrome. 

involving tau protein. brain dise *ses 

The monoclonal antibodies of th* • 
characterized by the fact X / Mention are 

epitope which is present in ^ ^ ~ With a " 
>uman tau. The monoci ona i ^2^^ 
characterized by the fact T 
immunological complex with ahn , * f0rm an 

Plex with abnormally phosphorylated 
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human tau, and acre specifically „ ith . non , 
epitope present in ^ pnosphollater, 

By "non-structural" epit * " taU - 

"hicn depend for their " «**topes 

priMly . s truct U rrr^ e TT i0n ^ " 
translational modification ^ ° n post ~ 

that particula: ^^."fT"^ " "* ' 

Bouin. t ^TL by ^Ti p «• - 

thick sections are prep^Td 1 Para " ln - 

invention ar p :;; 1 d : e r 1 ; o 0 nocionai 

technique to visually ^ \ "junction with a 

technique (Hsu , S . M . t ^ 1,t "» P^o^ase complex 
dianinobenzidine t.*-— .! ^ 1981) usin 9 

sJ-Z'ZT ^ IOr -r 

hae^atoxyiin stain — with Harris 

""^^B^aTf"^^ 

autopsy iE ^ SMPle ' ° btalned " S ^ry or 
hu«e« y d/oJlThe?or:? e t r BOUln,S """^ « ™ 
»>eddino (V ib rato"e "hr^cr r" ^ 
invention is used for T "° nOCloMl antibody of the 

i-unooold -ethod a f f °t r er ^r=r" inin9 * indi "« 
e^edded and sectioned ^T^Lr?"" « «*~- 
follovinq standard protocols ^ t„ """"^ ' 
the art (8 rio„, ,.p. et al £™ tC tho " billed in 
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s . and Davie * T a^o, P al - (1984> « 

-ethod, postmortea tissue is u Jh . SeC °" d 

*ray Da tter fron ^ ™- listing Bostly „ f 

is obtained fro* hist^ ^pora! cortex, „ hich 

Parents. ^JZ^^J^ — 
9) is hoogenized with 10 »i ' S - 10 

Teflon/glass Potter s ,» SUCr ° Se ' PH 7 " 4 ' « • 

"ntrifuga"on i„ ^ ^ 
*°r 20 nln at 4 . c> ° r ° t0r " 27000 x 9 

-pematant i s ^Jted' ^ " 1% ^ «» 
laurosylsarcosine and „ ^ " , ^ - 
and incubated while rotatin 2 -» e ™>Ptoethanol 
Sweden, for 2 . 5 J^T^c ^~ "° 

is centrifuged at los.ooo x g for 35 

PHF-tau-containing pellet is Ln« " The 

«W tended i' ! J £ r^L"SL" ltt ~ ~ 

SDS-polyacrylamide elerfrnm 

under reducing condition TTZ^ 
"70,. Af ter electrophoresis Z 11 ' 
"xed and stai ned with *" 
transferred fTo „bi„ „. et al T^^t. n T " 
sheets CHybond-c, ^ersha*, or ^l" " 
(Millipore). InaiobHon filters 

After transfer the fiit«7-<= 
containing o.os, (v/v) *» * 

incubated for i h i„ ^ (Tween-PBS) and then 

™— :^ -rrz, °rr~ - 
=s .r-'—- i- 

- 

~ - :i"L - rr rr °~ *— - —- 
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(Dakopatts, Denmark) diluted 1/3000 in blocking buffer. 
After three washes in Tveen-PBS, streptavidine- 
biotinylated horseradish peroxidase complex (Amersham) 
diluted 1/250 in blocking buffer is applied for 1.5 h 
at room temperature. Thereafter, the filters are washed 
three times in Tween-PBS and once in PBS. The filters 
are then incubated in PBS containing 0.05% (w/v) 
diaminobenzidine and 0.03% (v/v) hydrogen peroxide 
until background staining develops. 

It should be clear that the formation of an 
immunological complex between the monoclonal antibodies 
and the antigen is not limited to the precise 
conditions described above, but that all techniques 
that respect the immunochemical properties of the 
antibody and antigen binding will produce similar 
formation of an immunological complex. 

Human abnormally phosphorylated tau is a class of 
at least two tau proteins of 64 and 68 kDa (Flament, s. 
et al., 1989 and Delacourte, A. et al., 1990) which are 
specifically expressed in the somatodendritic domain of 
the degenerating cortical neurons during Alzheimer's 
disease and of which the lower electrophoretic mobility 
can be attributed to abnormal phosphorylation. Although 
kinase activities have been described that can provoke 
an additional phosphorylation of normal tau with the 
concomitant shift in electrophoretic mobility, none of 
these phosphorylations can induce the formation of the 
epitope of the invention (Ishiguro, K. et al., 1988; 
Steiner, B. et al., 1990) . 

According to an advantageous embodiment of the 
invention, the monoclonal antibody forms an 
immunological complex with a phosphorylated epitope of 
an antigen belonging to human abnormally phosphorylated 
tau protein, with said tau protein being liable to be 
obtained from a brain homogenate, itself isolated from 
the cerebral cortex obtained from a patient having 
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Alzheimer's disease k 

disease. " haV1 " 9 died *«- Alzheimer's 

epi^^rr^Tirr i?r e " — - 

Phosphatase enzyme, such as aLaa i„e 1""^ 3 

srz T7L :r* — ~ - 

P.c and Davies P . ^ ^ °* Gr "^- 

Monoclonal antibodies of tho 
characterized by the ,a=t th« ^TT 
immunological complex * fOTm an 

narked with * ' M " the Positions 

^ or with any other p ep t ide capable 
laaunological complex with a „„ , ro ™ing an 

itself is liable P ; o X B -onoclonal antibody, which 

mentioned peptide. " ^ " ith «- 

epitope spans the ami™' ^ °* Th e 

ahove-mentioned ntLerTn; " 7 " 2 ° 5 "» 

The peptides capable of * • 

A peptide phosphorylated at a certain 
means that the s*t-^« • certain position 

the serine is an the phosphoserine form. 
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The invention also reIatfis . 
antibodies „ hich arg ates to monoclonal 

immunological complex vith nnn, , t0 f0ra an 

Th4S p x Wlth normal tau protein 

- - cr^rsr of — - - ~ 
~ *. brain Js^Tasri* — 

The nonoclonal antibodies of th„ . 
are not capable of for»i„„ invention also 

«th the above-defined e! " ==»Ple x 

The monoclonal ™ti*«JL ' 
further not capable of fo J™ lnv<a *i°n are 

•**> any variant ,^^2^** ""^ 
-eated vith a depnosphorylating a^t "* 

-entC"rc- y ; t rLnr nai —° - - 

Protein, present in ho» 0 genaL^f h ^ ° f t3U 

froB - rrLnri — 

t« Proteins preset an abn ° r " a11 * Pnosphorvl a t ed 

« higher than " at L ™*<»»*r weight which 

brain hoBogerti/soirdf::: proteins - ^ 

of non-neurological disorders L ' ^ Vh ° died 

r 'abrjai" t SLzzzrjrz? « 

decreased to that of „ onBal «. Proteins can be 

« — abnor-all/^rvired^r" 8 " t ~* 
dephosphorylating agent. Proteins „ ith . 

The invention also relates i-„ 
antxbodies which for» an i^unologi-l Don °<*°nal 
**nor»allv phosphorated J^T^T" 
Protein present in brain h™ f ° ras of *»» 

m brain hoaogenate as defined above. 
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A preferred monoclonal antibody of ^ • 
is secreted by the h^', invention 
(European Collect, J\ "^~aoma deposited at 

ECACC 

laboratory Service (P BI J ?' PUbllC " ealth 
Microbiology and .-J^UtoTT' APPlled 
Wiltshire SP4 oj-. ' P ° rton °~»- "-Salisbury, 

.1100.06. ThiT h™ 0Ct ° ber «• »»i unol; 

_ - A " iS hybridoma will k» v. 

referred as .hybridoma W1 " be hereinafter 

—clonal antibody „ m be „ ««eted 

antibody ATS". rererred as "monoclonal 

The invention also relator * 

secretes . .onodonal at"bodv " ^ 
invention, and particular^ ,t aCCOr * in * to the 

E«CC on October s " ™ "/ «led at 

The nQ „ , ^ 9 "00806. 

b ;r P trsstv b r eE of ^ ™°« -» 

- hvbridomas l^TLZTZ IT - 

* Process for obtaining^ a ^bTd 

- «arti„ g from spleen cells of an involv « = 
=r rat. previously im^ L I™* 1 ' — • 

or such animals previouflv^ " 
«ith an antigen recognized bv T 1Bnun "*° iB vitro 
«' the invention , 9 su ^ d a 7 £ —ocl-l antibodies 
secreted by the hybrid™,, „ D ° n °=l°nal antibody 

«i under ^lltZeT^ " ~ °" — 
- fusing such immunized cells 

^ridoma-xor^ing conditions; and ^ ^ — * 

selecting those hybridomas which 
monoclonal antibodies which • ^rete the 

epitope of the ^ITiZ *^ ^ r —**" « 
immunological COfflple T ^ ^ Whi <* an 
Phosphorylated form of tan ^normally 
Phosphorylated peptide comprising " ^ 

protein. ^Prising the epitope of tau 

monoclonal antlbodie^ ij^^ 9 ^ corr ^Ponding 
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The monoclonal antibodies of • 

Prepared by conventional in vl ! lnVenti °" «n be 

«>e culturin, of Wbaizeo c ^ teChni *»« ««* as 

^ers or »i=ro=aps ul es or J ^ h0lloK 

-aeneous suspension Li^.tr St" *" 
stirred bioreactors. axrlift reactors or 

The invention also rel«*»=, * 
»hi=h can be obtained fr» ! h * PSPtide " Bti ^»» • 
Elated f ron ^ c d er ^°" i a br «" homogenate. itself 
P"ient having u^^JT" «*^»- a 
immunological complex with th "* " hiCh for » s an 

the invention. Bon ° cl °"al antibody of 

The invention further ,- , 

(antigens, „ hich are ^\ to peptides 

complex with any one of th. *" lmnun °logical 

the invention and -onoclnnal antibodies of 

v S ^i P =T:: ss^r ; h r :sr stltuted ty — — 

marked with .. or ' Phos P ho ^ated at the positions 

~ which nonf. ,• _ 
sequence o, the var lant ZtT "'"^^ » the 
the peptides able to " " • defined " b — • 

a monoclonal antibody Zill TT^^ "°»Plex with 
-mplex with the peptide Xl"" " """J* *° f °» a 

The invention also rentes J " YSSPGSPGT - 
of about ioo amino acids P*P*i** S (antigens, 

-sPaipcrtospr^aL^th? 9 " 6 ^ « 
*. or " ^ Positions narked with 
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the 



sequence 



of the 



variant 



which contain 
peptides defined above. 

The invention also relate * 
which contain the sequence Wld ~ < anti 9ens, 

< x iMWwsSp(* )r(JWB or 

Preferably (X lJp ( %) ^ Jp(| , 

in which x 1# X 2 , x„ X y 

^ino acids and 3 ' p *' * are a "y one of the 20 

^e invention. Bonocl °nal antibodies of 

The invention ai so relates to «■„ 
Peptides which 

are li»Ki~ *. Ve ~ ffl entioned 
antibodies of the invention. gene "*e monoclonal 

The invention also relates . 
"hi=h is co„t ainsd i„ tte 

«•*». or i„ the seru* of a " ""^Pinal 

«se,se or any hrain dise havin * Alzhei^r-s 

P-ein an. which fo ^ » or tau 

"onoclonal antibody of the i™on 8 

invention Preferably, " ^ 

«auisite order, or a B i„oa= yls " d T^ 1 * the 
beforehand and already contain- **»»-»*• for»ed 

- in the approUr «er T"? aainMCyl 
"veral fragments prepared i n a "«™tively 
are coupled successively i„ „ bef °«hand, 
P«te=t all the reactive "™ bei " 9 taken to 

— and the carboxyl aroup of Ze o^T"' '"^ °* 
normally participate in L*»-« ' " hich nust 

Particular ^^T* Ration. in 

of the carboxyl group, 
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acid. p to ™ N-terminal amino 

^ n ^**is process it i 
Phosphorylated ' a^ino' aci ^ *° U " Previously 

" is possible «•« ' 
Phosphorylation after «, ""^ out the 

P-s Phory iate d se^, ^ JaT^T " * n <"- 
*he invention is also r ££"" d "rafter. 

Preparation of the antiaen " Pr ° Cess for the 

starting froo sairt ""1™ *- 0BU »" *° the 

invention, 

which comprises: " non -<*°sPhorylated for* 

- reacting said antigen vhi=h ■ 

*"* a fcinase en^e^^f ^ ™-P>~Phoryleted, 
Phosphoryiated epitope of** rec °9»"ing the non- 

«- ^ope to a X^TLri^ ^ " 

the r c r ai a — - te d ir„ro„ reco9ni2ed * 
-in ace:::::; ri^rr seousiy e — 

«» art (IS h ig l ro k *e d al "a? ^ SMlled *» 
».».. 1 987; vailee B " Z ' ™ 
*ro B the kinases referred t ' ' ^ iS di ««ent 

normal human tau protein whicTT stance, a 

above- n entioned ^ I g^es^T^" 10 " ^ 
Phosphorylated tau protein Ihil abnon °aUy 
»onoclonal antibody of the " reC09nize<i "y the 

Phosphorylated tau protein is 7ev ' "°* 

The antigen of i-h« 
Prepared by Bethotis '^f"' "«ch can be 

dabal, K. et al.. 198^ 1-1^ " 0,6 «* 

"90, fr offl the cerebrll^TretX"-/" ^ 
having Alzhei-er.s disease 3 Patient 

Alzheimer . s disease i« ! " haVin9 die <* of 

— ody of ^ inventio P pa -- x «- -onocional 
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The antigen of the 
contained i„ the brai lnv ention i s advantageously 

syndrom, PicJt , s disease "7 "* he -~'s disease. Dom 
diseases i n vhich toe ' * « other neurological 
Phosphorated t, u protein , "* PHP <*"°™al ly 

P«vo*es an i™^ 1 ",^" 0 ?*-' ^ 
antibody of the invention. ^ """"clonal 

The invention also relate. * 
lection or the diagnosis in vlt ° 8 Pr ° a « £or 
involving p„ P and ^ " ^Jf*° «* "«i n disease 
disease, which involves: M * h eWs 
- bringing one of the , 

invention into CO ntTc t 1 bodies of 

isolated frOT a patient £ ^ Preparation of phf 
Preferably f roB a V1 " 9 "«»».r.. disease, or 

Alzhei»er.s disease 1 P " i<Snt havi ng 

~g an anti ^ an ^ y — 

separating the antigen * 
recovering the antigen sought xnT ""^ 

'he preparation of phf Purified form, 
according to Igbal K. et al no. "* ° u 

(1990). Ct al " (198 «> or Greenberg et al. 

an ^ antibody used is in 

"sin. The process for the det ^ SUPPOrt SUCh « a 
«-n be carried out as ^^T*"" °* ^ » nti °- can 

bringing the sup erna t an t 
Polypeptides, e^racteT f^ ""'^ P«teins and 
-nner (Igbai, K . et J" » "ssues in . ^ 

navies, P ., 199 •»•»• Greenberg s.s. and 

antibody under conditions ^11"^ 
an immunological complex; fonaat i°n of 

- washing the immobil i ,1* 

formed; —^"-d antxbody-antigen complex so 



had 
for 

and 

out 
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treating that complex with a 
Potassium thiocyanate' 2 5^1^ ^ 3 « 
citrate-citric acid p " 3 ^ride, 0 . 2 M 
capable of producing the dlsso^* 1 * acld > 
antibody complex; an* diSSOCiat ^« of the antigen- 

' reC ThT D n9 ^ anti96n ^ 3 ^orm. 

Protein and PHF , . J"* 1 " • invoking tau 

" bringing a sample' ^""h deludes: 
cerebrospinal £luid , „ of " i,ono 9«n«e, or of 
suspected of suffering of ^J^T * P«ie„t 

"to contact under in v t A1 * h «»«r , « disease, 
-onoclonal antibody of~t>,r^ """""ons with the 
suitable for producino afan, " " - « ~"««ons 

- Meeting the d^^^r" 1 "* """*«» and 
^ -id sample of brain ^L^. " 
fluid, or of serum. ' " ° f cerebrospinal 

T *>e detection of th. < 
—clonal antibody can be L^TtT^ ^ 
manner. Advantageously «. conventional 
mention itself" ca^L or^ « «- 

« indirect coupling with a Ll r ^ ' " 
hereinafter. Also a no1v „, marKer «s exemplified 
was raised by^T* 1 -» - used 

^ntion in an ani Bal ? TreTeraty ^ « ^ 
recovering the antiserum L P " feral>ly a rabbit, and 

- w h ic h the poi;:r a ^ t r; a T;L pu d ification 

column to which the antio.n • I * ed over a 

Polyclonal antibolt in a conv I ^ ™ *»• 
«n also be achieved ^J"^^ —r. Detection 
antigen with a iZtL LTT ^ ° f «- 

of the invention * ^ the epitope 

ProceL ^T^JT^Z ~ ~ 

of cerebrospinal fluid ^^'^^ 
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antigen) obtained from a patient to h „ • 

- monoclonal antibody 0 / tt e L V e ntio n ^ 

; f lso reiates to ; *« the 

SSPE and other syndrome, Pack's disease, 

containing the epiton* L ^ labeled peptide 

«. P e P ti,e p t:iK T t ss; r r erabiy 

at the positions marked with , ; YSSPGSPGT P»°*P»°mated 

- a second antibody 

- epi^ * ^LTtT oT^ 

«* the inventiot or ^ ^""^ *™ «- — 

-^invention, such polyclonal antLdy lein^ f 
form an immunological complex with 
all different from the epitope oT ^ MhiCl> 

the polyclonal antib 0 „„ k Mention, and 

^affinity' ZZZrt* STT h^"" * 
protein, or " 9 innno *>ilized tau 

- appropriate buffer solutions for carrvinn . 
immunological reaction between: l> 

antibody of the monoclonal 
Lond^^^- — ~~ « »» «- 

»-* labelSd P6Ptide nen tioned above can be 

Peptide which has been labeled by any means^ to 
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those skilled in the art. Likewise thc 
specific for tagging and coupling can^e 
*novn to those skilled in the art 

above^itrc^r alS ° ^ 3 ^ 3S d ~~ibed 

' also containing the antiaen o-f ■ 

competition dosage process. 
The Ficp iT»« n 



Figure l: 



Figure 2: 



Reactivity of AT8 to brain homogenates 
of Alzheimer patients or normal controls 
using the AT8 monoclonal antibodies as 
binding antibodies and rabbit anti-tau 
polyclonal antibodies together with 
horseradish peroxidase-con j ugated donkey 
anti-rabbit antiserum for detection. 
AD, - AD<: Brain homogenates from 4 
different Alzheimer patients diluted 
1/200 (solid bars) or l/aooo (stippled 
bars) . 

c i ~ C<: Brain homogenates from 4 
different controls, diluted 1/200 (solid 
bars) or i/iooo (stippled bars) . 
The ordinate represents the optical 
density at 450 nm and the abscissa 
represents the different samples. 

Western blotting detection of normal tau 
or PHF-tau using either the monoclonal 
antibodies Tau-i or AT8 . Lanes 1 and 2- 
Coomassie Brilliant Blue staining of 
PHF-tau (lane i, or normal tau (lane 2). 
Lanes 3 to 6: Western blotting of PH F- 



WO 93/08302 



PCT/EP92/0239 



Figures 3A , 3B, 3C and 3D: 

Detection of 
immunochenistry . 

Figure 3A: 



antT bod USi " 9 6lther »» n - 1 —clonal 
antibodies (lanes 3 and 4) or AT8 

monoclonal antibodies (lanes 5 and 6) 



tau 



protein 



by 



Figure 3B: 



Figure 3C: 



Figure 3D: 



section from hippocampus of a patient 
with Alzheimer's disease M»™-» 
78 x aisease. Magnification 

Section fro* hippocampus of an aged 
control patient deceased from „L 
neurological causes. Magnification 7e x 

IITZJ™ hippocaa * us °* ^ P"ie n ; 

«th Alder's disease. Magnification 

245 X. 

Section fro- hippocampus of an aged 
control patient deceased f roB J„_ 
neurological causes. Magnification 245 
rioure 4: Immunjblot analysis of z xample s of , ^ 

recomb^ t tau (clone htau24> pfcop*^ 

br"n / kin " e *™ »t 

^-noiots »ere carried out with 
anti-tau antibodies 134 and AT8. Lanes T 
*«*., 2. tau24 ♦ brain extract; - I' 

s« 9 A; 4, tau24 s 199A + brain extract; 5 

7 t uL 2 °: A; 6 " taU " S2 ° 2A + -r^ct.: 
7. tau24 S l 99i , S202A; 8 , tau24 S202A 

+ brain extract. "02A 
(loGl, 1) ""clonal antihnrti*... nTfl 

1. Preparation of the antigen for immunization. 
Postmortem tissue . • ~- ™<«>ization: 
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obtained , ron histologically ^ 

patents. This Alzheimer gray fflatter brain 

9) was homogenized vith 10 vol. o, cold buffer ^ ' ( ' " 

Tr 1S/1 ma EGTA/0 . 8 „ p" ,!, 

Teflon/glass Potter s , B rau„ r- ' " 8 

After ™»f •« (Braun, Germany) honogenizer 

for 20 » ln at <. c , ^ pellet . 0 * g 

supernatant was adjusted to 1% ( « /vc T ^ 
laurosylsarcosine and 1* (vol/vol. , „ (wt/vol » »" 

— - 

exectrophorerid foll^ ^ 

2 immunization protocol and fusion procedure: 
purified pH F "tau "° " 9 

100 ag of i at 3 - w «" intervals with 

aiTure rrsit: preund - °- 

100 „ PHr-tau saline — ^ 

u-ngTVdirTd ^ T " 11S ' 

«... rjf ^^r: t — 

Lr^;rr t r r^T plat ~ ~ — 

Potion in a ^^-^1^2 
normal tau or for P„r-tau. The other half of ^ e "usion 
™- grown for three days in tissue culture ftas* 
-ored frozen in i igui<J nitrogen . «- 



o 

SI 

w 
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selected by Dulbecco's modified Eagle-s medium (DMEMJ 
CI BM), L-gluta»me (2 penicillin (100 

streptomycin (loo mg/ml, , and nonessential amino ^ 
All products were purchased fro- Gibco, Paisley, o K 
cells were incubated in a humidified 8 * ~ air 
incubator. * 

3. Sandwich ELISA for antibody screening: 

anti ^ SCreenin9 EL1SA used the detection of 

anti-tau monoclonal antibodies was a sandwich ELISA 
system with polyclonal rabbit anti-human tau antibodies 

rLbITantT h * PhBSe - «™« P°^onal 

rabbit anti-human tau serum was af f inity-purif ied (as 
described i„ the passage hereinafter entit ed 
"Ruction of polyclonal rabbit anti-tau antiserum"!' 
Example IV,. Purified human normal tau (prepared as 
nj ^scribed in the passage hereinafter entiled 

w Production of affinity purified human tau- in Example 

IV was used for the preparation of an immune-affinity 

,., USin9 Cyan ° 9e " «i-ted Sepharose 

^ (Pharmacia. LKB Sweden,. The affinity-bound anti-tau 

S llT™ "I 6lUted fr ° D toiS C ° 1UM " ith * -c« 

5 antTt S " " PH 2 - 5 " " ter "Nation, the 

anti-tau-containing fractions were pooled and coated 
overnight (1 „ g/al) at 4 . c on high-binding microtiter 
Plates (Kunc, cibco. Paisley, m) in coating „„„„ * 
™ Tns, 10 mM Naci, 10 « NaN 3 , p „ 8 . 5) . Af ^ er 

r:Ts a to n9 rd r 3 ° Wlth "sein 
in PBS to reduce nonspecific binding, the plates were 
incubated with aoo ,1 of an appropriately diiuted P^! 
tau preparation and incubated for 60 min at 37 -c The 
Plates were washed three times with PBS-o.os% Tween 20 
(v/v, ; xoo ,1 nybridoma supernatant was addeT and 
incubation was continued for 1 h at 37-c. After 
washing, the bound monoclonal antibodies were detected 
with peroxidase-conjugated rabbit anti-mouse serum 
(Daxopatts. Glostrup, Denma^, . A11 
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dxluted in PBS with 10% casein. After final washing 
100 „1 0.42 mM 3,5,3',5'-tetramethylbenzidine, 0.003% 
H 2 0 2 v/v in 100 aM citric acid, 100 mM disodium 
hydrogen phosphate, pH 4.3, was added as peroxidase 
substrate. The reaction was stopped with 50 „1 of a 2 « 
H 2 S0 4 solution. 

Absorbance was read in a Titertek Multiscan (Flow 
Laboratories, Eflab, Oy, Finland) at 450 nm. 

The cross-reactivity of the monoclonal antibodies 
with normal tau in ELISA was tested in a sandwich ELISA 
identical to the screening assay, except that 
affinity-purified normal tau was used instead of PHF- 
tau. The hybridoma-secreting antibodies specifically 
recognizing the PHF-tau was subcloned by limiting 
dilutions. said hybridoma which secretes the AT8 
antibodies will be designated AT8. 

Example II ; Detection of patholor^al tau and 

of detection of normal tau in bt.t s a bv wt-r-n blotting 

1. Detection of abnormally phosphorylated tau in 
ELISA and absence of detection of normal tau in ELISA: 

According to the protocol outlined in Example I 
section 3, affinity purified polyclonal anti-tau 
antibodies were coated on ELISA plates and reacted with 
different dilutions of either affinity-purified normal 
tau as described in the passage titled "Production of 
affinity purified human tau" or of PHF-tau, each 
prepared in a solution of PBS and 10% casein. After 
washing, the plates were incubated with a fixed 
concentration of the AT8 monoclonal antibodies. All 
subsequent procedures were as described (Example I, 
section 3). The results shown in Table I clearly 
indicate that the AT8 monoclonal antibodies react only 
with PHF-tau. 
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TABLE I. Detection of PHF-tau or normal tau in ELISA 
using the AT8 monoclonal antibodies for detection 



PHF-tau 


Aj, n nm 


1/20 


1,459 


1 /200 


1. 179 


1/2000 


0,565 


Normal tau 




1 ug/ml 


0,021 


100 nq/ml 


0,005 


10 nq/ml 


0,001 


Blank 


0,000 



H- The assays were performed as outlined in Example 

^ I, section 3. Different dilutions of PHF-tau or normal 

ry tau were used, as indicated in the table. 

M The reactivity pattern of the ATS monoclonal 

r Q antibodies was also studied in brain homogenates. To 

Q this end, high-binding microtiter plates (Nunc, Gibco, 

Paisley, UK) were coated overnight at 4*C with 2 ng/ml 
of purified AT8 monoclonal antibodies in coating buffer 
(10 mM Tris, 10 mM NaCl, 10 mM NaN 3 , pH 8.5). 

Overcoating to reduce non-specific binding was 
performed for 30 min with 120 nl blot buffer (5%, w/v 
skimmed dried milk and 10% v/v newborn calf serum) . 
After washing 3 times with PBS-0.05% Tween 20 (v/v), 
100 nl sample was added, and the incubation was carried 
out for 1 h at 37 *c. The plates were washed again three 
times and incubated with 100 jxl of a 1/2000 dilution of 
rabbit anti-tau serum. Next, the plates were washed 
again three times, after which 100 nl horseradish 
peroxidase conjugated donkey anti-rabbit serum diluted 
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1/2000 in blot buffer was added and the incubation was 
continued for 30 min. The plates were washed and loo M l 
of a solution consisting of 0.42 mM 3,5,3«,5«- 
tetramethylbenzidine, 0.003% H 2 0 2 v/v in 100 mM citric 
acid, 100 mK disodium hydrogen phosphate, pH 4.3 was 
added as substrate. The reaction was stopped with 50 m 
of a 2 M H 2 S0« solution. Absorbance was read in 
Titertek Multiscan CFlow Laboratories, Eflab, Oy, 
Finland) at 450 ran. 

As can be seen from Fig. 1, the brain homogenates 
of the 4 Alzheimer patients (AD, - AD<) reacted 
positively at two different dilutions, while all 
extracts prepared from brain derived from patients who 
died of non-neurological diseases (c, - cj were 
clearly negative at both dilutions. 

2. Detection of pathological tau in Western 
blotting and absence of detection of normal tau in 
Western blotting: 

Purified normal human tau and PHF-tau were applied 
to 10% SDS-polyacrylamide gels and run under denaturing 
conditions according to Laemmli (1970) . 

After SDS-PAGE, the transfer to nitrocellulose 
(Hybond-C, Amersham, Brussels, Belgium) was carried out 
in 10 mM NaHCOj, 3 mM Na^, pH 9.9 for 120 min at 55 V 
with cooling. After blotting, the nitrocellulose was 
equilibrated to phosphate buffered saline (PBS), and 
protein binding sites were blocked with blot buffer 
(PBS supplemented with 5% w/v skimmed dried milk and 
10% v/v newborn calf serum). Blotted proteins were 
incubated overnight at 4'C with AT8 as primary 
antibody. After three washings with PBS-0.05% Tween 20 
(v/v) , horseradish peroxidase-labeled rabbit anti-mouse 
immunoglobulins (Dakopatts, Glostrup, Denmark) were 
used at a dilution of 1/3000 and were incubated for 90 
min at room temperature. All antisera were diluted in 
blot buffer. The blots were then washed three times in 
PBS/Tween and developed with substrate solution (PBS, 
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0.05% w/v 3,3'-diaminobenzidine, 0.03% v/v h 2 0 2 ) after 
whxch the reaction was stopped in H 2 0. Results, shown 
111 Fl9 * 2 indic ^e that the ATS antibody recognizes 64 
and 68 kDa tau isoforms but show that normal tau bands 
remain unstained. 

Example III : Detection of tau bv i^ ocytoch^i ^ 

Paraffin sections of formalin-fixed brain tissue 
from neocortex, hippocampus, cerebellum, pons and 
spinal cord of several Alzheimer patients and age- 
matched controls were prepared, as well as sections of 
peripheral nerve from one control patient. 

cryostat sections from Alzheimer and age-matched 
control brain were also prepared. Tissues were 
immunostained either with the peroxidase-antiperoxidase 
(PAP) technique (Steinberger , l.a. et al., 1970) or 
with the avidin-biotin complex (ABC) technique (Hsu, 
S.M. et al., 1981) using Dakopatts (Denmark) and 
Amersham (UK) reagents, respectively. Briefly, after 
blocking nonspecific interactions with normal swine 
serum (Dakopatts X901) diluted 1:25 in Tris-buf f ered 
saline (TBS) containing l% bovine serum albumin (BSA) 
sections were incubated overnight with the AT8 primary 
antibody appropriately diluted in TBS/BSA. Secondary 
antibody and peroxidase complex were then applied for 
30 mm each, with intermediate rinsing in TBS. Color 
was developed with 3 , 3 • -diaminobenzidine 

tetrahydrochloride (Sigm a) . Sections 

counterstained with Harris- hematoxylin, dehydrated 
coverslipped, and viewed under a light microscope. 

Figure 3 (A to D) clearly indicates that ATS does 
not decorate any normal structures but only produces 
abundant staining of NFT, dystrophic neurites in 
Plagues, and dispersed staining of neuropil (neuropil 
threads). Some apparently tangle-free neurons were 
diffusely stained, often exhibiting a strong 
perinuclear staining. 
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Example IV : Competition ELISAs *.» ^~ acteri ^ , he> 
epitopes of Known , ntlhndics vj1 . h antibodv o , 
invention L s=iiH 

a n t ib A f fini,:y " PUrified rabblt anti -'»^" tau polyclonal 
antibody „ as coated overaight at „. c ^ 

Plates were washed, and xoo „1 of p„r ified abnornally 

phosphorylated tau, nixed with affinity-purified normal 

tau was added per well for 1 h at 37-c. After washing 

SO m of the different unlabeled monoclonal antibodies 

to be tested were added in several dilutions. 

subsequently. 50 „i biotinylated ATS antibody or 

biotinylated BT2 antibody obtained as described in the 

passage titled "Production of the monoclonal antibody 

BT2» was added in an amount previously determined to 

provoke 50% of the maximal binding. After 1 h at 37-c 

the plates were washed and a streptavidine biotin 

peroxidase complex was added for 30 min to allow 

detection of the ELISA with 3,5 3' 5.- 

tetrametnylbenzidine. After stopping the reaction with 

HjS °' tte Plates we " ™»<J in a Titertek Multiscan 
plate reader (Flow) at 450 nm. 

As the results of Table II indicate, the BT2 
anybodies inhibit the binding of biotinylated BT2 
while casein or AT8 do not influence this binding, 
conversely, the AT 8 antibody completely blocks the 
binding of biotinylated ATS, but neither casein or BT2 
inhibit this reaction. 
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TABU „. competition ELISA to characterize the 
epitopes of known antibodies. 



Concentra- 




BT2-bio 




AT8-bio 


tion 


Casein 


BT2 


AT 8 


Casein 


BT2 


AT 8 


9 uq/ml 


0.369 


0.071 


0.369 


0.578 


0.548 




1 3 uq/ml 


0.390 


0.088 


0.375 


0.573 


0.557 


0.056 
0.054 


1 uq/ml 
333 ng/ml 


0.375 
0.381 


0.122 


0.368 


0.548 


0.550 


0.059 


111 nq/ml 


0.385 


0.179 
0.245 


0.369 
0.381 


0.564 
0.576 


0.556 
0.573 


0.093 
0.155 


37 ng/ml 


0.395 


0.318 


0.360 


0.568 


0.549 


0.282 i 



BT2 or AT8 were used at the indicated 

used at th"" " rried ^ C " eln " hiCh — -I" 

used at the same concentration in the casein controls 
(column marked casein) . ls 

antiserum" 00 °* P ° lyCl ° nal ™* 

New Zealand white rabbits were immunized wlth 
affmxty purified human tau. Rabbit were J£ 
intradermal^ with 100 tfg .ff in i ty purified 
emul sifle d in complete Preund.s a d jU vant. Two weeks 

afflnlt^ -T reP6ated intraBUE CUl « ly with M 9 
a tlitd -T hU " a " ^ 1 »-^«t. F«und. s , and 

. third intramuscular injection was carried out after 
one week with loo M affinity purified human tau In 
saline. The rabbits were bled one week after L Z£ 
infection, evaluated and again injected twice, after a 
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»onth.s interval with the same amount of tau as used 
for the third injection. The sera were evaluated in a 
solid phase ELISA with a«inity purified human tau in 
the coating phase and in Western blot against affinity 
purified human tau. "inity 

- Production of affinity purified human tau- 
Typically, so grams post-mortem human brain was 

T,vT° SM11 PiECeS S=iSS ° rS and "denized l/i 

(W/V, ln buf£er A (20 mM w ( 2 - ( n- 

morpholinoethanesulfonic acid), 80 m« NaC l, 2 mM EDTA 
o.l »H egta, i m„ wgci,, a „„ mercaptoethanol , P H 6.75)' 
with a Potter homogenizer equipped with a teflon 
Plunger. The homogenate was centrifuged for 1 h at 
150000 g at 4-c, and the supernatant was heated for 5 
mm in boiling „ a ter and chilled again for 10 min on 
ice. The slurry was centrifuged for 2 h at 150000 g at 
c and the supernatant was collected thereafter and 
called the "heat stable cytosolic extract". 

Ten mg BT2 anti-tau monoclonal antibody, purified 
from ascites fluid on protein G (Pharmacia, Uppsala 
Sweden,, was coupled to 1 graB cyanogen-bromide 
activated by Sepharose (Pharmacia) following the method 
proposed by the manufacturer. Fifty ml of the heat- 
stable cytosolic extract were diluted 1/2 in 0.1 M 
phosphate buffer pH 8.5 and applied to the column. The 
column was washed with o.l „ phosphate and tau was 
eluted with o.l „ citric acid P H 2.5 and neutralized 
immediately with 1 M NaOK. Fractions were evaluated in 
10% SDS-PAGE in immunoblotting with anti-tau 
antibodies. 

- Production of the monoclonal antibody BT2: 

. Antigen purification: 

Bovine tau: tau was purified from bovine 
brain by a modification of the perchloric acid method 
of Lindwall et al. (i 964 , . Typically, 50 grams fresh 
brain was cut into small pieces with scissors and 
homogenized 1/1 („ /v) in buffer A (M ^ 
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-rpholinojethanesulfonic acid,. 80 mM Na cl, a m« EDTA 
0.1 H EGTA, ! mK MgC1 „ , mercaptoethanol, p H sTs,' 
«th a Potter homogenizer equipped with . te£lon 
Plunger. The homogenate was centrifuged for 1 h a^ 
1 0000 g at Vc, and the supernatant was heated for" 

Le IT' W " er ChlllSd 39ain *« 10 o" 

< c' an! ^ ™" ° entr " U9ed *» 2 » -t »oooo g at 
111 st 2 SUP6rnatant ~ thereafter. The 

heat stable cytosolic extract was made to 2 « 
perchloric acid and was centrifuged for 1 h at isoooo g 

3 M TrL T ^ — neutralized with 

" The supernatant was then dialyzed and 

concentrated in water i„ , ^ . 1 ana 

(Amicon r =entriprep concentrater 

1 ^ USanne V Switzerland,. The end product 
hereafter referred to as the -Wine tau" w^s 

2o2oll iB d0deCyl -"^^acryla.ide ~ 

electrophoresis (SDS-PAGE, performed according to Le 
method of Laemmli (1970). 

^Monoclonal anti-bovine tau antibody production: 
Balb/c »ict were primed with loo „g purified 
t 7 1TO taU in ~-»— ad ju vant and boosted 3 

times with loo „g bovine tau in complete Preund.s every 

111 : 0 T S ,:: days 3 ana 2 bef ° re the fUSi °"' «- 

SP^/n T agai " " lth 100 " 9 bOVine tau i" "line 
«/o myeloma cells were used as fusion partner, and 
the fused cells were seeded on mouse peritonei 
macrophage feeder cells Half *h» „ u perltoneal 
-„,,„, . ' Half ±he hybndomas were 

seeded x„ 96 - W ell places and screened after 10 days in 
a solxd-phase EMSA on bovine tau for anti-tau antibody 
production, the other half of the fusion was grown 
one day » tissue flasks, and these cells were TrolZ 
and stored in liguid nitrogen. All hybridomas were 
grown „ Dulbecco-s modified Eagle-s medium ™ 
supplemented wioth 10% fetal calf serum, ilTl 
pyruvate ,1 mM, . _ alutaDine „ penicmii f 0d 

ac^s' "" Pt °: y " n <"° a^ nonessential amino 

adds. All products were purchased from Gibco, Pa isl ey 



WO 93/08302 ^fc — 

PCT/EP92/02392 

29 

U.K. cells were incubated at 37-c in a humidifed 8% CO, 
air incubator. Positive signals in ELXSA were tested in 
western blot against heat stable cytosolic extract fro., 
bovine brain with the anti-tau antibody tau-2 (Bi ^ 
St louis, „o, as a control. Positive wells were 
subclone* and the clones were frozen in liguid 
nitrogen. "quia 

Exam P !e V: FvprPP-ion and m 

phosphorylation sit-,.,) of the >t» -pitooe 

A full-length cDNA clone (htau24), corresponding 
to a four repeat isoform of tau and with a Ndel site in 
the context of the initiator codon. was subcloned into 
the EcoRl site of M13»pis. ^o constructs were made in 
which sit«.-rti ^ _ . ln 



which site-directed mutagenesis was used to change 
codon lM (s to A) or CQdon 202 (S to a) 

numbering of the longest human brain tau isoforms 
(Ooedert. „. e t al., 1M9) , and . ^ construct Kas 

Hade. Uhora - n n - 



' ' ' ° wiira construct was 

made, where codons 199 and 202 were both changed to A 
Following cleavage with Ndel and EcoRI. the resulting 
fragments were subcloned downstream of the T7 rna 
polymerase promoter in the expression plasmid pRK 172 
and the recombinant plasmids were transformed into 
E^coli BL21 (DE3, cells. The bacterial cultures were 
grown, induced and harvested as desribed (Goedert H 
et al. , 1989) . ' 

The pellet from a 500 ml culture was resuspended 
m 20 ml of extraction buffer (50 mM pipes , p H 6.8 imM 

DTT 1 mH EDTA, 0.2 m« PMSK, 0 . s „ g/Bl leupeptin , 
W/ml pepstatin) and sonicated for 2 x 3 min using a 
Kontes microultrasonic cell disrupter. Following 
centrifugation (15.000 rpm for 15 min, , the supernatant 
was passed through a DE-S2 cellulose column. The 
flow-through was loaded onto a phosphocellulose column 
(bed volume 3 ml, equilibrated in the extraction 
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buffer. After exhaustive washing with the extraction 
buffer, protein was eluted batchwise with 3 ml aliquots 
of extraction buffer containing 0.5 M Had. The 
fractions containing the recombinant tau isoforms were 
pooled and dialyzed overnight against 50 mM MES i mM 
DTT, P H 6.25. After centrifugation, the dialysate was 
loaded onto a fast flow carboxymethyl-Sepharose HR 5/5 
column. The column was washed with 50 mM MES, 1 mM 
DTT, 50 mM Naci, p H 6.25, and the protein was eluted 
using 100-300 mM NaCl in 50 mM MES, l mM DTT, pH 6 25 
gradient. column fractions were screened by gel 
electrophorisis, and the peak tau fractions were pooled 
and dialyzed against 40 mM HEPES, 1 mM DTT, 0 2 mM 
PMSF, p H 7.2. The protein concentrations were 
determined by amino acid composition. 

The resulting recombinant tau proteins were 
Phosphorylated, using brain protein kinase activity as 
follows: 

Adult rat brain was homogenized (lg/2.5ml) in 10 
« Tris/HCl, pH7.4, 5 mM EGTA, 2 mM DTT, 1 ^M okadaic 
acid, l ^m PMSF, 20 pg/m i leupeptin, 20 „ g/nl 
aprotmin and 2 0 „ g/m i pepstatin and centrifuged at 
40,000 rpm for l h at 4«c. The supernatant was used 
directly for phosphorylation. Incubations were carried 
out at 37-C with 40 mM HEPES, pH 7.2, 2 mM AtP, 2 mM 
MgCl 2 , recombinant tau protein (i , and rat bra±n 

extract (0.05 ml) for 24 h, and aliquots were then 
taken for immunoblotting. Controls were incubated 
under the same conditions, except that the brain 
extract was omitted. 

The AT8 epitope of the phosphorylated recombinant 
tau proteins was analyzed by immunoblots. SDS-PAGE was 
carried out using io% or 10-20% gradient minigels. For 
immunoblotting, phosphorylated and non-phosphorylated 
recombinant tau proteins were transferred to a 
polyvinylidene difluoride (PVDF) membrane, and residual 
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protein binding sites were blocked with 1% gelatin in 
Phosphate-buffered saline. The blots were then 

incubated for 5 h at room temperature with anti-tau 
antiserum 134 (dilution 1:250) (Goedert, m. et al 
1989) or with antibody AT8 (dilution 1:500). Bound 
antxbody was detected by the biotin/peroxidase system 
(Vectastain) . 

The results of the immunoblots show that 
Phosphorylation of at least the Ser 202 of the AT8 
epitope is required for antibody recognition. 
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